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Summa.ry

A series of tests has been conducted by the National
Advisory Committee for Aeronautics, in the variable density
wind tunnel on several airfoils of different sizes and sections
to determine the effect of tunnel wall interference and to de-
termine a correction which can be applied to reduce the error
caused thereby. The use of several empirical corrections was
éttempted with 1ittle success. The Prandtl theoretical correc-
tion gives the best results and its use is recommended for cor-

recting closed wind tunnel results to conditions of free air.
Introduction

When tests are made on models in wind tunnels to‘determine
their aerodynamic characteristics, the results obtained are not
truly representative because of the limited air jet of the tun-
nel. The boundary of the jet, whether free or enclosed by walls,
affects the flow to a considerable extent. This effect has been
considered theoretically and a method devised for correcting the

regults from wind tunnel tests.
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Exverimental confirmation of this correction is extremely
Gesirable znd though such confiration has been obtained in
wind tunnels in EZurope, tests for that purpose had not been made
in the wind tunnels of the National Advisory Committee for
ieronautics. A series of tests was therefore authorized to be
conducted by the aerodynamics staff to be made in the variable
Censity wind tunnel at the langley Menorial Aeroneutical Labor-
t¢tory, Lanzlev Field, Virzinia.

rmn
i

‘hie investigation was to consist of force tests on several
irfoil mofels of ths N.A.C.A. I-C section, having a constant
from which some icdea of the effect of
tunnel walls could be ascertained.

—_— ~

Deata from vprevious tests on the M-8 airfoll section were

1so available and were uzed in the analysis. For further con-

)

-

firmation, in conjunction vith another investlgation, tests
were nade on three airfoil models of the R-A.F. 19 section, each

having the same asgnect ratio tut different areas.

The teste on the & A4.C.A. -5 in this investigation were

conducted after the usguel method employed in the variable densi-
; .

47 wind tuinel (Reference 1). The engle of attack was varied
“rom -3° to +21°. Fuans were uade at several densities, or

aecynolds Tunoers. The X.a.F. 12 series was similarly tested.
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The I.A4.C.A. -8 scotion modcl was 4% inches by 36 inchcs
in plan. It was teeted in this forh, of asnect ratio 8.00,
anG taen cut off on the ends so that the soan became 323 inches,
ziving the airfoll an aspect ratio of 7.123. This procedure
Tas repeated, waking tests on the airfoil with aspect ratios

.00, 5.33, end 4.44. The ®.5.-F. 19 mocels were all of asvect

Tatlo ©.00 ut had »olan form cCinensions of 4 inches by 24 inches,

)

5 inches by 20 inches, and inches by 3¢ inches. All nodels
weire of duralumin ond machined to within +0.00%2 inch of the
ecificc ordinates.

Resultg ard Discussion

Readings of 1ift and drag at various angles of attack were
obtained end reduced to absolute coefficients. Those obtained
fTrom the teste on eirfuils of aspect ratios other than cix were

L o
[

ficlents of %that 2goect ratio as noted in the
ficures, using the Prandtl %ucory of agoect ratio veriation.
shese data were then nloited on charts of various forms to de-

ternine any effects that might vossivbly e attributed to the i

erference of the wallg. nerous empirical corrections and the
Zrendtlt theoreiical corsrection (References 2 and 3) were an-
niicd %o fiad out ~heinanr better agreement in the results could

28 arrivaed at bv tueir uge.

ine rrandtl covrrection wiaen applied, »rocuced the result

6]
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which were in best acrecment (See Fioures 1 to 10 inclusive).

ma

Ih2 corrections used were:

2 5
X om B i S
e 1 = i 2 3
1 2TD
Cr B
and Loy = SR
21T D
where Gy, = 1ift coefficient
GDi = Induced drac coefficient
o] = Induced anrie
S = area of airfoil
D = diamcter of the tunnel
These anounts were added to the Cp and o, resvectively.

Enik)

Fisures 1, 3, and & show the polar curves of the d.a.C.A.

+

M-8 ~irfoils of various espect ratios! Figure 1, thc results
in coefficient form as observed in the tuanel; Figure 2, the
same, corrected to aspect ratio 3.0C of the same span in the
tunnel; . end Figure 3, the sanme, corrected also for wall inter—

ference tc azrze with the 4i-inch by 27-inch airfoil as tested
2 J

in the tunnel, using the Prandtl formula. It cen be seen that

[©)

the ccattering of voints is less in the last of these, indicat-

| i

n

&

that the avclication of the formula improves the agreement.
Fioures 4, 5, and S show the 1ift coefficient plotted
against the ancle of attack for the same airfoils, before and
after the two cbove corrections have been rmade.

Data from orevious tests at 30 atmosvheres density on the
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H.A.C.A. V-6 airfoil, macCe on modiels of different sizes, aspect
ratio 5.00, are compared with tlose of these tests in Ficzures
7 and 8. The nolar curves show very good acsreement after the
correction has been added.

In Figures 9 end 10, the results of the R-A4.F. 19 airfoils
{Revnolds Number 530,000) are shown plotted as polar curves

without and with the Prandtl correction avplied. Here, like-

wige, the resulteg are imvroved by its use.
Conclusion

Test cata from closed wind funnels on airfoils of a given
section, but having varicus plan forms, agree better when cor-
rected for tunnel wall interference by the Prandtl theoretical
formula. Its use is recommencded for correcting winé¢ tummel

data to the conditions of free air.
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N.A.C.A., ¥=6 airfoils of various aspsct ratios, as
observed in tunnsl, Average Reynolds Io.3,150,000
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Fig.2 Variable density wind tunnel, tunnel wall effect.

N.A.C.A. M-6 airfoil of various aspect ratios,corrected

to aspect ratio 6.,in tunnel. Average Reynolds No. 3,150,000,
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' - #-6 airfoils of wvarious aspect ratios, as observad in
tunnel. Average Reynolds MNo.3,150,000.
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Fig.6 Variable Jdensity wind tunnel, tunral wall eff2ct., N.A.C.A.
¥-6 airfoil of various aspect ratics, corracted for

wall intarference aspect ratio 6, in tunnel. Averace
Reynolds Fo. 3,150,000.
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Fig.8 Variable density wind tunnel, tunnel wa ffect.
N.4.C.A. M-6 airfoils of various sizes, corrected for
wall interferen

ence, aspect ratio 6 in free air, 20 atmospheres,
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Fig.9 Variable density wind tunnel, tunnel —ell affact.
R.A.F. 18 airfoils of varicus sizes, as obssrved in
tunnel. Average Reynolds ¥o.3530,000
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Fig.10 Variable density wind tunnel, tuanel wall effact.
R.A.F. 19 airfoils of various sizzs, corrected for
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